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Global Offset Compensation for CNC Machine Tools 
Based on Workpiece Errors 
Abstract 
Machine tool accuracy and repeatability is one of the most important considerations for manufacturing 
parts with the required quality for consistent performance in their assemblies. One of the most 
challenging areas has been the ability to quickly identify and evaluate the quasi-static and dynamic 
machine errors and apply the corresponding error models to compensate. Because there are many 
challenges associated with some methods, including the cost in design, analysis and control of precision 
machine tools, the compensation method has been the most effective approach to control part quality. 
This paper presents the development of a Global Offset compensation method utilizing the 
measurements of machined part(s). The Global Offset for a machine tool is estimated through a model 
while utilizing the computed deviation between the measured and nominal dimensions of the part. 
Examples are provided to demonstrate the capabilities of this new method.
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1 Introduction
Machined part accuracy is affected by the machine tool, part and fixture stiffness, cutting tool 
characteristics, cutting conditions, ambient environment, and external vibrations as explained in our
previous paper (Gu, Agapiou, & Kurgin, 2015). The accuracy of machined parts is controlled by the 
accuracy of the axes of the machine tool. Although all machine tool manufacturers assume highest 
accuracies, no machine is immune to minimum systematic geometrical, dynamic and thermal errors
(Schwenke, Knapp, Haitjema, Weckenmann, & Schmiitt, 2008) (Ramesh, Mannan, & Poo, 2000a)
(Fraser, Attia, & Osman, 2004) (Mayr, et al., 2012) (Ramesh, Mannan, & Poo, 2000b). This becomes 
particularly clear in the case of 4- or 5-axis machining centers, where geometrical deviations can occur 
in the linear and rotational axes. The accuracy and repeatability of the machine tool will determine its 
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ability to precisely position the cutting tool tip at the specified part location.  Many small geometrical 
errors can add up and create larger errors which can negatively affect the dimensional accuracy of 
machined parts.  
 A tremendous effort has been dedicated by many researchers internationally in the machine tool and 
manufacturing industries to develop a robust and cost-effective method to evaluate machine tool 
accuracy. Unfortunately, there is no reliable short-cut method (or single parameter) that can be used to 
assess the volumetric accuracy of machine tools. Error compensation by measurement of geometric 
errors is greatly affected by the error modeling and error measurement methods, which could require 
significant machine downtime to implement. Even though most of the tests are performed without the 
spindle running, under unloaded conditions, and after the machine has reached thermal equilibrium at a 
control room temperature, a few tests evaluating the spindle performance and under cutting loads could 
be very important. The specific details of testing are found in the various standards (ASME-B5.54, 2005) 
(ISO-230-2, 2006) (ISO-230-6, 2002). 
Lately, the volumetric accuracy evaluation has been found to be very effective for compensation. 
The main strategy today has been software-based error compensation techniques (Stephenson & 
Agapiou, Accuracy and Error Compensation of CNC Machining Systems, 2016).  Volumetric accuracy 
can be defined as the maximum error between any two points within the swept volume of the machine 
tool; it essentially is a very significant term because it considers the angular errors.  While the 
compensation methods have merit, they are not commonly used in industry today at regular intervals. 
The volumetric compensation is more effective than more traditional methods for compensating 
machine tool errors but not yet fully adapted for production. (Stephenson & Agapiou, Metal Cutting 
Theory and Practice, 2006).   
Another approach is just to correct the error or the phenomena without tracking down the source(s) 
of the error. In CNC programming, this method is called compensation offset (Hai, Ni, & Yuan, 1998). 
Work offset method is a breakthrough in compensation theory (Gu, Agapiou, & Kurgin, 2015) because 
it translates the fixture coordinate system origin from table zero rotary position relative to the other table 
positions.  
The aim of this paper is to analyze the Global Offset error compensation method and the related 
error estimation algorithm. This new automated compensation method for machine tools is based on the 
dimensional measurements of identical part(s) in a CMM (Coordinate Measurement Machine); it 
estimates the offsets in the WCS (Work Coordinate System) to compensate the machine tool errors 
including the fixture and table/pallet errors together with some of the dynamic errors due to part 
clamping, tool deflections, and average temperature changes in the workspace.  The compensation 
method is successfully implemented to attain the desired part accuracy as the simulation and actual parts 
compensation results have shown. 
2 Global Offset System  
2.1 Why Global Offset 
A CNC machine tool is designed with a table to mount a fixture and locate a part on the fixture for 
machining. The fixture is aligned to the table and the table is installed on the CNC machine. Due to 
imperfections in the machine and fixture manufacturing, the actual table center and fixture center deviate 
from their nominals which have detrimental effects on part quality. The part center is defined with 
respect to the fixture location on the table, and the knowledge of the exact position of each location 
surface on the fixture from table center is most important. As the table rotates, the fixture orbits around 
the pallet’s center (and so the part center) and a new fixture offset is required to create a suitable 
workpiece coordinate system. 
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Even though the pallet is attached to the bed of the machine tool in a fixed pre-determined position 
using precision locating cones in the base of the pallet, there is still an error in manufacturing the locating 
features in the top plate of the pallet in relation to the locating cones. When the fixture is located on the 
pallet using the fixed pre-determined locating features, the fixture errors are translated into workpiece 
machining errors. The positioning repetitive indexing accuracy (consistency) of a pallet could be as 
good as 0.002 mm but pallet errors including linear, angular, and flatness errors will be present, 
including pallet drift during prolonged period of production. The location of the part on the fixture will 
result in some small error due to manufacturing errors of the locating features for fixture to pallet and 
part to fixture. It is impossible to align the part center to the rotary axis. Global Offset is a method to 
capture the resultant error and compensate the machining process of a part. 
2.2 Analysis of Global Offset System for a 4-Axis B-Table Machine 
Consider a horizontal 4-axis CNC machine with a B-rotary table whose spindle and table motion 
are programmed in a coordinate system as illustrated in Fig. 1. The fixture and part are located on the 
table.  Figure 2 illustrates the various coordinate systems for this machine. The figure is a bird’s eye 
view looking down the y-axis (table axis) of the machine. 
The absolute machine tool Cartesian coordinate system (MCS) M (X, Y, Z), with an origin at the 
machine home position, is defined by the machine tool builder and are mutually parallel with the 
movement of the machine’s axes.  The machine table center T (Tx, Ty, Tz) is referenced from the MCS 
with identical orientation. A fixture is installed on the table and its center Fo (Fxo, Fyo, Fzo) is measured 
from the table center (T system) at the zero rotary table position (B=0). Suppose N table angular 
positions are required to machine all the part features that are labeled as Bj, j=0,1,…,N. A workpiece 
coordinate system WCSj is defined at each Bj table position, with WCSo the primary at B=0. The center 
of the WCSs travel with the table rotation, while their orientations are identical to MCS. The part is 
rigidly located and clamped down on the fixture. The part center, Po (Pxo, Pyo, Pzo) is measured from 
the WCSo. The part P travels with the fixture around the table center as the table rotates.  
 
 
Figure 1: Illustration of 4-Axis with B-table machine tool 
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Figure 2: Global-machine-CMM coordinates, 4-axis B-table machine 
 
The B-table center nominal position is determined by the machine configuration. The fixture center 
F0 (Fx0, Fy0, Fz0), in this case, is the round pin on the fixture. The coordinate system translation from 
the nominal machine center to the nominal fixture center with a Bj rotation can be described as follows: 
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Where (Wx,Wy,Wz) is the part location from the coordinate system origin (the coordinates of the part 
center relative to machine zero). The part locating dowel hole P0 (Pxo, Pyo, Pzo)  is relative to the fixture 
dowel that is incorporated within the fixture in the above system of equations.  The part dowel is used 
to locate the part on the fixture and defines the part center when it is measured by a CMM. It is also 
important to notice that the fixture location is associated with the sine and cosine terms, since the fixture 
center rotates along with table movement. In contrast, the table center remains stationary, and is not 
affected by rotation.  
All of the values in Eq. (1) are based on nominal dimensions from the machine and fixture design. 
However, the table and fixture centers deviate from their nominals due to imperfections during   
manufacturing of their components. A common method to correct the fixture deviations is to indicate 
the fixture with a dial indicator and adjust its locators, while finer alignment is accomplished by 
offsetting through the control system.  The table center may also require adjustments due to minor 
accidents during machining. It can be indicated and its deviations can be corrected through the machine 
parameters. Indicating can be done with a limited level of precision and it is a rigorous process. Another 
method is to probe with the machine and input the actual table and fixture positions into Eq. (1). This 
method is more accurate than indicating. As with indicating, probing has to be done when the machine 
is not running production. Both methods are time consuming and must be performed by skilled 
maintenance personnel.  
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Let’s introduce Global Offset compensation method for both machine imperfections and part center 
deviations. The global offset for a 4-axis B rotary table machine is made up of the following adjustments:   
x Table offsets ΔTx, ΔTz in the X and Z directions 
x Fixture offsets ΔFx0, ΔFy0, ΔFz0 in the X, Y, and Z directions, respectively.  The ΔTy of the 
table is integrated together with the fixture error ΔFy0. 
x Rotation offset ΔB in the B direction 
The fixture center at the jth table angular position is: 
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After the system of equations is expanded and assuming the six offsets and very small (cos ΔB=1 
and sin ΔB= ΔB), we have the system of equations for the ith feature in the part: 
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Where (Wxi,Wyi,Wzi) is the coordinate origin for the ith feature, Wbi is the angular table orientation; Bj 
is the table nominal position for the jth part orientation to machine the ith feature.  
2.3 Global Offset Error Model   
The part deviations measured by a CMM are associated with the machine tool offsets so that the 
CMM system is aligned to the part. Suppose there is only one CMM system virtually sitting on the part 
center P0 that is called the part coordinate system (PCS). As shown in Fig. 2, the origin as well as the 
orientation of the PCSm(Xm, Ym, Zm) travels with the table rotation.  
The machined part is measured in PCSm to evaluate its dimensional quality with respect to the 
specified dimensions and tolerances in the part drawing; the location of each feature is described by the 
coordinates corresponding to the Xm, Ym, and Zm axes on the CMM.  The PCSm does not usually align to 
the MCS and for complex parts, however, multiple PCSm are needed for inspection.  Let’s consider a 
special case first where the PCSm is the only CMM system and it has the same orientation as the MCS 
when B=0. This particular PCSm is called the main PCS. The PCSm is virtually adhere to the part/fixture 
and it travels and orients along with the table rotation. Multiple features are machined in various table 
positions, but we assume all the features are measured in the CMM using the main PCSm.  
Suppose K features are machined in a part, while the ith feature is machined at the jth table rotary 
position (or the WCSj) as represented by the dot D in Fig 2. The feature’s location D(Xmi, Ymi, Zmi)  is 
measured in the CMM system PCSm and it is then compared with the nominal feature location, already 
defined in the CMM program, to calculate the feature error.  Therefore, the feature print dimension is 
incorporated within the WCSj by replacing (Fxo, Fzo) with (Fxo+ Pxo+ Xmi, Fzo+ Pzo+ Zmi) in Eq. 2.   
The feature’s coordinates in MCS are: 
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(4) 
More than one feature may be machined in the jth part orientation (table position), and therefore 
their tool paths are programmed in the corresponding WCSj. So, a few part features are grouped under 
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one WCSj system. It is also important to understand that at the B=0 rotary table position, the table and 
fixture offset errors are easily superimposed because their coordinates are aligned with each other. 
However, when the table rotates to positions other than B=0, the fixture/table offset coordinate system 
rotates a specified angle Bj. In this case, the global offset is changing relative to the angle Bj. The Global 
offset incorporates both the fixture and table offsets through Eq. (4).  
When the CMM results are not perfect, the global coordinate origin and the table rotation can be 
adjusted to compensate for the imperfection. The available adjustments are the linear variables ΔT, ΔFo, 
and the angular variable ΔB. Working with the Eq. (4), one can take the derivatives and evaluate the 
errors.  The derivative is a natural approach for finding these small machine tool error values, since the 
linear approximation of the above function is determined by the differential dM that approximates ΔM.  
The differential represents the principal part of the change in the function with respect to changes in the 
above three independent errors.  Therefore, the partial derivatives below are used to isolate each error 
adjustment.  The increments 
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are good for small ΔT, ΔFo, and ΔB adjustments.  The cutting tool path is defined in the global coordinate 
system and the tool positions are adjusted by offsetting the global system.  The linear adjustments of the 
global system origin is performed in the opposite direction relative to the part error measured by the 
CMM.  This is because when the CMM error for a feature is negative (-Δx, -Δy), the cutting tool must 
move further ahead by (Δx, Δy) in order to offset the error. The linear and angular adjustments for a 
feature as measured by the CMM are estimated from above equations, so 
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Note that the second order terms are omitted in Eq. (7).  The above linear and angular adjustments 
are used in the proper direction in the CNC machine to compensate for the errors identified by the CMM. 
Especially, the table rotation direction is a left hand system (versus a right hand system in math).  Hence, 
the CNC adjustment is written as: 
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(8) 
Inserting equations (6) and (7) into equation (8), the CNC adjustment is estimated: 
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When the PCSm for the ith feature is not aligned with the main PCS (being in the same orientation 
as the MCS and B=0), a rotation is required to transform the coordinates of the feature errors into the 
CMM coordinate system (see Fig. 2):
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Therefore, substituting Eq. (9) into Eq. (10) and neglecting the second order terms, the ith feature 
errors in the CMM system are: 
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The above equation is re-written in matrix form as: 
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is the coefficient matrix in PCS for a B-axis machine.  All the parameters in the matrix are known from 
the part and fixture setup on the machine table and the part math data. Mji is multiplied by the offset 
parameters vector that compensates all the part features in the machine tool.  
2.4 Multiple CMM Coordinate Systems    
In the previous section, it was assumed that the feature of interest is measured in the main CMM system, 
which is oriented in the same direction as the MCS when B=0.  However, a part will have multiple 
machined features and they may not have the same CMM system. Different part features are typically 
measured in different CMM systems; multiple CMM coordinate systems are usually due to the datum 
reference frame used to control the features. The orientations of those systems are provided in the 
measurement procedure information because they are used for the compensation. When multiple 
features are using the same PCSm, they are grouped together under that  PCSm system. 
The PCSm systems are virtually associated to WCS0 through transformation, so that their 
orientations are the same as the MCS when B=0. In other words, the features measured in the PCSm are 
transformed to the main CMM system. The transformation for the ith feature measured in mth PCS 
(PCSm) is  
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or
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Rxm represent the mth rotation about the X axis, Rym about the Y axis, and Rzm about the Z axis.  For 
a general PCS, the transformation matrix RT is the product of the individual rotations Rx, Ry, and Rz in 
the proper order.  For instance, the rotation of the PCSm system to the MCS for a part feature requires 
the following rotations Rxm (θxm=75o), Rym (θym=-90o),  Rzm (θzm=-30o), as illustrated in Fig 3.   
 
 
 
Figure 3:  Illustration of incremental rotations for transformation from the PCSm to GCS 
2.5 Consideration of Part Tolerance for Weighted Offset Parameters    
The process allows an engineer to use the part dimensional errors measured by the CMM to improve
part dimensional accuracy and part quality through the estimation of the variables that are used by the 
machine to perform part dimensional compensation. The significance of the error for a feature is a 
function of the specified tolerance for that feature. A part will have features with various tolerances and 
specifications. Hence, it is important to weight the features with respect to their tolerances among the 
equations for all the features. Therefore, the parameters of the Eq. (11) are weighted by their 
corresponding tolerance so that equations with a smaller tolerance are weighed more heavily. The 
tolerance in the denominator represents the weight factor for each feature. Equation (11) with the 
tolerance weight for each feature becomes:     
      
zimijjzimi
iyyimi
ximijjximi
TolXPxFxBPzBTzBTxTolZ
TolPyTolY
TolZPzFzBPxBTzBTxTolX
/)](cossin[/
(15)//
/)](sincos[/
000
0
000
'''' '
' '
'''' '
 
       
Where Tolxi, Tolyi, Tolzi  are the corresponding tolerances of the ith feature in three directions. 
3 Estimation of Global Offset Parameters and Simulation  
Global Offset compensation is accomplished by utilizing the six offset parameters in Eq. (4) to 
compensate errors of all K features, while the errors are measured using all M  PCSm systems. Equation 
(15) describes the correction/offset for a single feature in global coordinate system, while in practice a 
part will have multiple features that may each require varying degrees of correction. The minimum and 
maximum number of available equations is K and 3K, respectively.  The three error components in Eq. 
(15) may or may not be needed for the setup of the final equation set. For instance, the CNC machine 
utilizes the X and Y components for the true position of a hole, and the Z component for the depth. 
However, the X and Y components are measured by the CMM machine, while the depth Z is generally 
not measured. So, in the case of true position, Eq. (15) yields only two equations for the errors ΔXi  and 
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ΔYi. For a profile measurement of a surface, the position is not evaluated by the CMM machine; only 
the depth error along the Z is evaluated at the location on the surface. So, in the case of a profile, Eq. 
(15) yields only one equation for the error ΔZi. In general, an equation is generated for each of the error 
components in X, Y, and Z directions only if the component has a tolerance associated with it.               
A compensation algorithm is designed to accept the CMM part data for processing and generating a 
system of equations to estimate the six offset parameters for a 4-axis machine with rotary table.  The 
algorithm uses Eq. (15) several times to describe each measured dimension for each respective feature. 
Next, it will assemble all generated equations into a redundant set of simultaneous equations relating all 
measured feature deviations back to the six offset parameters the unknown variables.  This set of 
equations may likewise account for CMM measurements from more than one identical part for statistical 
purposes.  It is assumed there are at least six non-co-linear equations to solve for the six variables. 
However, if some of those variables are not functional due to the specifics of the machining process, 
they should be masked out to avoid singularity error. 
Once the set of simultaneous equations is assembled that describes the errors of all the intended 
features, the compensation algorithm will determine the values for the six offset parameters that 
minimize the feature deviations. Such a determination occurs via an optimization routine that chooses 
offset variables which minimize the expressed deviations. The optimization routines includes a least 
square fit solver but a linear programming optimization routine or other numerical optimization methods 
could be also utilized. The optimization algorithm considers the objective function, convergence criteria, 
number of equations available based on the machined/measured features, regression functions to use, 
and method of optimization. Prior to performing any optimization, the solver provides a singularity 
sorting utility that checks the system for the existence of singularities.  If the solver detects that a 
singularity is likely to exist, the algorithm will alert the user either modify the equation set or "Mask" 
out problematic variable(s). The optimization of model parameters continues until one of the 
convergence criteria is met. A detailed description of the least square fit solver in not the purpose of this 
paper. 
The Central Limit theorem is applied to evaluate the standard deviation of all the features (including 
multiple parts) as a measure of improvement through the simulation.  In this case, the sum of the 
variances for all the features and in the X, Y, and Z directions are utilized to estimate the standard 
deviation before compensation (using the CMM data) and after compensation using the six estimated 
parameters through the simulation for the same parts.  Therefore, the standard deviation and maximum 
and minimum errors before the offset adjustment is used for all the number of parts and features 
measured in the CMM as percentage errors are estimated by 
 
°°
°°
°°
¯
°°
°°
°°
®
­
u''' 
u''' 
  u
'''
 
¦
  
%100),,min(
%100),,max(
,...,2,1&,...,2,1%100
3(max)
)(
min_
max_
,
1,1
2
2
2
2
2
2
zi
mip
yi
mip
xi
mip
before
zi
mip
yi
mip
xi
mip
before
PK
pi zi
mip
yi
mip
xi
mip
before
Tol
Z
Tol
Y
Tol
X
Er
Tol
Z
Tol
Y
Tol
X
Er
PpKi
KP
Tol
Z
Tol
Y
Tol
X
STD
            
(17)
 
 
Utilizing the estimated six offset parameters, the corresponding residual values (exi, eyi, ezi) are 
calculated to define the machining feature errors after the offset variables are considered in the part 
machining program.  The percentage errors after compensation are simulated to be 
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The before and after percentage errors can be used to evaluate the performance of the compensation. 
In addition, the improvement of the Cpk for the features could be simulated and if the improvements of 
the part control quality are satisfactory, the six compensation offset parameters will be used to 
compensate the machine tool.  
4 Global Offset Error Compensation on a Machine Tool  
Global Offset error compensation method has been rigorously tested and verified on various 
automotive components. For example, consider a 4-axis B-table machine that has a large table center 
location error due to an accident.  In this case, either the table must be repaired or the affected machined 
features must be compensated until the table is corrected. Several features of a cylinder block are 
machined and the percent deviation of the actual CMM values from the nominal values in relation to 
the feature tolerance [% Deviation = (Actual Value – Nominal Value)/tolerance range] is provided in 
Figure 4. The Global offset compensation is used to estimate the six offset parameters using the CMM 
measurements from a single part in Eqs. (15). The simulation also predicts part dimensional errors as a 
percentage of the feature tolerance after using the Global Offset. The Global Offset parameters are 
loaded into the CNC machine and another part is then machined and measured in the CMM. The actual 
feature improvement after targeting using the compensation is shown in Figure 4. The simulation values 
using the estimated offset parameters based on Eq. (3) are also 
shown in Fig. 4.  The data shown in Figure 4 is based on two 
parts; the first part is used to calculate the offset parameters, the 
second part is used to validate the accuracy of the offset 
parameters. The average difference among the predicted and 
actual errors is less than 1%. The statistical values indicating 
the performance of the Global Offset compensation are given in 
Table 1. The part quality improvement is significant because 
the standard deviation of the errors is reduced by more than 
70%, while the maximum and minimum errors are reduced by 
more than 70%. It is noted that the deviations of the actual and 
simulated values from the nominal may be positive or negative, 
depending on whether the measurement value is above or below 
the nominal part print value of the feature. For clarity, the 
absolute value of all deviations is shown in the graph. 
 
Statistics Values 
STDBefore 60% 
Er max_Before 104% 
Er min_Before -103% 
STDAfter 17.4% 
Er max_After 28% 
Er min_After -31% 
 
Table 1: Analysis of variance  
               of compensation parameters 
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The following is an example of targeting a 5-axis B on A CNC machine for machining an engine 
cylinder head. Machining operations for this example include finish milling the intake face and drilling 
and tapping several holes in four different faces (table orientations). This example is selected to illustrate 
the effectiveness of the Global Offset compensation method in a complex machine.  A 5-axis machine 
is used for cylinder heads because some of the features (i.e. SHLA bores) require non-orthogonal table 
angles. The measurement error from one part used to initially setup the machine is shown in Fig. 5. Even 
though many features are machined, only a few are shown in Fig. 5 for clarity. Some of the values shown 
before compensation have deviation greater than 50% of the part print tolerance, while few of them are 
out of part print tolerance. To qualify a machine, measurement values must generally utilize less than 
33% of the part print tolerance.  The 5-axis machine requires nine offset parameters instead of six for 
the 4-axis machine tool.  Table 2 gives the recommended Global Offsets based on the part measurement 
data.  The offsets include A and B angular variables, and table and fixture center variables to optimize 
the quality. The estimated average standard deviation of the before and after compensation considering 
all the features is given in Table 3 together with the maximum and minimum deviations. The statistics 
indicate significant improvement because the variance is reduced significantly.  
Hence, the Global offset parameters are loaded into the CNC machine and a new part is then 
machined and measured in the CMM. The actual feature improvement after compensation is shown in 
Figure 5. While most of the feature errors were reduced significantly, there were a few features with 
increase errors but are still under control. For clarity, the absolute value of all deviations is shown in the 
graph. 
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Figure 4: Comparison of Global offset compensation 
B Table Offset A Table Offset Fixture Offset Rotary Offset 
ΔTx ΔTz ΔTx ΔTz ΔFxo ΔFyo ΔFzo ΔB ΔA 
0.090 0.000 -0.129 -0.028 -0.021 0.042 0.008 0.003 -0.003 
 
Table 2:  Estimated Global offset parameters 
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Figure 5: Global Offset compensation for 5-axis machine tool 
 
 
 
 
 
 
 
 
 
5 Conclusion 
This paper proposes a novel Global Offset compensation method that takes into account several 
aspects of the machine tool including table, fixture, and part errors during machining by establishing the 
relationship between the offset parameters errors and the errors of the part features measured in a CMM. 
The proposed methodology has the ability to provide a simple, transparent and robust error 
compensation approach. A general methodology has been followed to analyze and relate the machine 
tool offset parameters with the errors of the part features that are affected by the geometric, dynamic, 
and thermal machine tool errors including part clamping deformations and relevant quantified 
environmental conditions as long as they are repeatable during machining.    
An error model is formulated for each part feature in homogeneous transformation matrix form, 
followed by the procedure for finding the offset parameters. The use of least squares estimation approach 
on the error equations for each feature and multiple parts based on CMM data is a powerful approach to 
estimate the optimum offset parameters. Then, the estimated offset parameters are used in the machine 
controller to perform error compensation for each feature in the part program.  
Statistics 
Before 
Compensation 
Simulation After 
Compensation 
STD 66% 2.54 10.6% 
Er max 51% 7.3 19.6% 
Er min -114% 
-4.7 
-32% 
 
Table 3: Analysis of variance compensation parameters for 5-axis machine tool 
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The proposed method aims to utilize the available part inspection data from production to improve 
the quality of the part following the compensation method. It allows off-line error prediction and 
compensation prior to executing the necessary changes through the machine controller for 
compensation.  
Through the analysis, the verification methodology, and testing, the method presented for error 
compensation is validated. The results from the two sets of validation tests show that the analytical 
models, derived from principle, can improve the accuracy of the machine tool by as much as 70 to 90% 
for varying ambient conditions, spindle speeds, and incoming pre-machining part variation. Increasing 
accuracy requirements, the simplicity of a method that uses existing part measurements and the 
opportunity to decrease manufacturing costs of machine tools will promote the use of Global Offset 
compensation in the future.  
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